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SENSOR | NTEGRATI ON FOR A PROCESS MODULE BACKGROUND OF THE | NVENTI ON The
present invention relates to the manufacture of sem conductor rel ated
devices. More particularly, the present invention relates to inproved

t echni QWL 7 manuf act uri ng seni conductor rel at ed d®EITAS8L/087H t he

manuf acture of certain types of sem conductor devices, at various tines
sem conduct or devices may be placed in process nodul es for etching,
deposition, 10 polishing, etg. W ! tol erances required in

t oday's sem conduct or chipsE§¥Eg¥di§ﬂ$égégE¢$%plays, vari ous sensors may be
required to nonitor the process nodule. Sone sensors may be separated from
t he proces PTG AND PIARTSENSGRINTESATION HOR ASPROCESS MODUEEr st
conputing systemand the sensor is driven by a second conputing system
where the first conputing systemand the second conputing 15 system do not
exchange data in real tine, S%nggﬁo I ' f_intormation between the
process nodul e and sepa B?uy '@Rﬂgngﬁilt. In addition the
exchange of data between the process nodul e and separate sensors may be

difficult. Sone_.sensors may be.connected to. the.process . These
sensor s’ coul d etm%spnmgw{/egﬁ?wée}qgesg s et o1 %Ofssx%g?cé) rr%éuctt%ggg%rge directly
connect ed i&QidehEMBIASESTIaZR), 1D Prebat BivedthRytclmy idiBgpréved t@hnigués fog syst em of
the process nodule as their conputing system Such sensors can exchange

data with mreufptsingssmirgadiciorrelateddevicesi ne. Often different sensors have
different protocols. For each sensor the computing systemof the process
modul e woul d - bey, AFHAMIRG: bfteRRiRpés BF fehitdRuBbAdRReY, aPfaricubgmegnsor

possi bly requiring the creation of 'a different driver for each sensor. Each

25 driver semytvnduasondevises hay byidedefl improresh motules fy ctebingedrasitiaich as
in

conmman t 0.s.gnal & | ar ng'!ﬁzn Sask indi cat e when
vari oug)sprlz)o(!1 g’sefme'pslar%lee Sn}mr%i@%lg{bgg?%ruﬂé‘?%ggn %e i iin a(fgﬁsiogn,

di fferent Sapaw disphys, gaives atsod infalyde esfuireq pemofor tiggiracesomodid¢e. t he dri ver
m ght need to $pecify how the process nodul e woul d use the

o

'Some sensors may be separated from the process module, where the process
module is driven by a first computing systemn and the sensor is driven by 2 second
computing system, where the first computing system and the second computing

15  system do not exchange data in real time. Synchronization of information between the
process module and separate sensors may be difficult. In addition the exchange of

data between the process module and separate sensors may be difficult.

Some sensors may be connected to the process module. These sensors could

either have their own computing systems that are directly connected to the process

20  module or they may use the computing system of the process module as their
computing system. Such sensors can exchange data with the process module in real
time. Often different sensors have different protocols. For each sensor the computing
system of the process module would be programmed to comply with the protocol of
the sensor, possibly requiring the creation of a different driver for each sensor. Each

25  driver might require the specification of many commands, such as commands to signal
an alarm, stop the process module, and fo indicate when various process steps are
initiated or discontinued. In addition, different sensors may generate different types of
data so that the driver might need to specify how the process module would use the
specific type of data from the sensor. The creation of a driver for each sensor is time
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specific type of data fromthe sensor. The creation of a driver fbl &f&h
sensor is tinme -1 30 SEP 2004 WO 01/ 75617 PCT/ US01/ 08719 consum ng,

possi bly taking as nmuch as one nan year. |If the process nodul e

manuf act urer does not take the tine to create a driver for a particular
sensor wW@eouEsek? m ght not be able to use that sensor pet/bsdie7ipr ocess
nodule. In addition, even if a driver exists for a sensor, the user nmay
have to performvarious steps to install a driver in a process nodule and
speci fy speehfumingppssiblp tasinggs gruch g Qe manceay, dfthedstaces medor .  To renove
the sensor {10t hG BLOGS 3 TRANh S chall SRR AEMich il BELAQRMAdi i onal
programm ng steps, sucCh as renoving a driver and deleting conmands for

i nf or mat i omnightmob®e sigtato so e sanearevithete proosss acsleles dut addithory bes i6h t he
foregoing, it is.desirable &78 E%ovi e a processing system %rc .as 10 a
process nodHVe T IoF 2 AeS, g oY a’t’eotoé’eg?ﬁ‘ilﬁ?r?c’c%ﬁs Ps ARy U er ei n t he
processkng sy gxto%égs‘i'&ﬁﬁle%iﬁ sﬁh%ﬁ? speRiffeQlaR 10 & e ortrBceiRliGdnY #5dRYS Prot ocol s
of various sensors. It Is desirable to provide a processing systemthat

al |l ows an Tontregyeihe smnsoffiae hegrasessmasivie, e upar serysedrisdekform pdditiendl ows t he

sensors to_exchange _infor,nation .w ‘tﬁ?{ eSS S emaM th m ninal
addi ti onal pfﬂ%ad]i’%%%sﬁas’ sjgh %Lﬁﬁm& %)EZI E“‘Fﬁf@%ﬁﬁ“&%ﬁ*\‘ﬁ;e@”ﬁéen |%‘r?nr el at es,
in one enbesfhd®atto droecdived 66RTHe@r.system that shares information with
sensors in a client-server relationship, wherein recipe and control 20

commands are exchanged bet ween the . processing. .system and sensors. These and
other Teatur e BAPHGL B QUL (VS ARERHIE ) PPVIGE » FRCEHLFR FSPES et ai |
bel ow iip t R@rddeisahdiil HRSGH bOEmBCtE totdl YT kéabrs dMBkrbiA #8ON)  uUnction with
the follow ng figures. ‘BRI EF DESCRI PTI ON THE DRAW NGS 25 The present
i nventi on brocessingsyytem daesypt peed tobe prampmed tameteharripys RakpcIs of | i i t ati on,
inthe fig e | : MaleTYar- o To BN M| L [ ke reference
nureral s ¢ os Sesbilt 1 SATIARY il AMRASIKR Akl ol bSle ek

integration of sensors into the process module that allows the sensors to exchange

information with the processing system with minimal additional programming.
15
SUMMARY OF THE INVENTION

The invention relates, in one embodiment, to a processing system that shares
information with sensors in a client-server relationship, wherein recipe and control

20 commands are exchanged between the processing system and sensors.

These and other features of the present invention will be described in more

detail below in the detailed description of the invention and in conjunction with the

following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

25 The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

FIG. 1 is a schematic view of a process module and sensors in a preferred

embodiment of the invention.



FIG | is a schematic view of a process nodul e and sensors in a prefeay egp,
enbodi nent of the invention. WO 01/ 75617 PCT/US01/08719 FIG 2A 1s a
perspective view of a computer systemthat may be used in an enbodi nent of
the invention. FIG 2B is a block diagramof the conmputer system shown in
FI G 2A wblos7s6371 S anot her schematic view of the pref erpqﬁﬁjsg pgj ment of
the invention. FIG 4 is a data flow chart of information exchanged

bet ween the process nodul e conputing system and a sensor. DETAILED

DESCRI PTI ON OF THE. PRESREEiacihNBOBY MENISnfler Bhern thes &iay be osedihbon W | | now
be described jn, detail with reference to a few preferred enbodi nents

t her eof as ?‘?Ichlé‘P?rﬁt"ég’ei’WePH‘é“'accorrpanyi ng drawings. In the follow ng
description, nunmerous specific details are set forth in order to provide a
t hor ough under stEGIPB & Pblotl @adid T8 He coRtipiidt &yeRRm shbwiin Fid@aapparent, 15
however, to one skilled in the art, that the present invention may be
practiced wthout sonme or all of these specific details. In

ot her - i nst ances,Fl{ied Is eadRschepelicadey ot tbp srediied smbedimest ofithes have not been
descri bed ispyggbai ! in order to not wunnecessarily obscure the present
invention. To facilitate discussion, FIG 1 depicts a schematic view of a
system 10, 20 conprising a process nodule 12, a network 14, and plurality

of sensors 16. FGthise detadingy ehanrofinfermution exchangsd bebvetn theamenesses a process
chanber 18 DdUl e uting system20. In the preferred
enbodi ment ?@%@@%@ggﬁg%%ﬁaﬁeg%gppr ocess chanber for processing

sem conduct or rel ated devices, such as an etch chanber, deposition device,
or polishing device, used in the manufacturing of 25 sem conductor chi ps,
Yflat panel displays, disk drives or other conputer conponents. The network

"14 may be ei t hBprak Y aIsRal ey Wrn Dk AR 6 B8 TR OREN G SCOmPUL | NG

system 20 or & et WOTr KOl 1 0Ocal _dr ea NMeELWOr K, sucH

10

The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings.
In the following description, numerous specific details are set forth in otder to
provide a thorough understanding of the present invention. It will be apparent,
15  however, to one skilled in the art, that the present invention may be practiced
without some or all of these specific details. In other instances, well known

process steps and/or structures have not been described in detail in order to not

) unnecessarily obscure the present invention.

To facilitate discussion, FIG. 1 depicts a schematic view of a system 10,

20  comprising a process module 12, a network 14, and plurality of sensors 16. In this
embodiment the process module 12 comprises a process chamber 18 and a process
module computing system 20. In the preferred embodiment the process chamber
is a process chamber for processing semiconductor related dévices, such as an etch
chamber, deposition device, or polishing device, used in the manufacturing of

25  semiconductor chips, flat panel displays, disk drives or other computer
components. The network 14 may be either an internal bus within the process
module computing system 20 or an external network or local area network, such

as an Ethernet network, or a combination of both. The process module computing
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as’'an Ethernet network, or a conbination of both. The process modube SEP 2004
conputing U SEP 2004 30 SEP 2004 WO 01/75617 PCT/US01/ 08719 system 20
serves as a server, and the sensors 16 act as clients in a client server
relationship with the process nodul e conmputing system 20. The sensors 16
may be WOdBAHEIAat i on of a sensor ‘and conputing devi ce marusegbsg t 0 t he
process nodul e conputing system 20 by a |local area network, or the sensors
16 may be 5 only sensors connected to an_internal bus of the process nodul e
conmputi ng syStERt0 sEoves pRa TP g iheHniRh Hurchahelicats in gelieHanes on, the
process nod : ' J}@;l- | ere an input
board with 1z’alah%/ll\c}E b gﬁt{a;‘&%ﬁ%%xtﬁg&%%%n c@%%%&%@ﬂéﬁg#%%ﬁ%@rest of the
conput i ng shest esmidfationrl b kénsorsud wpinpytingalefvice sonnseind trthg 4rocess be a

spectroneter, second senso 6 be a particle 10 i tor sensor, and

an nth sens d@écwﬁ?fuq’dlg ST ggﬁ%a ﬂ%ﬁ’] Eﬁﬁ@“&"ﬁﬁe@ ?/i?@%org?gm?@ﬁ?gor s may be a

t her noney er onibdngbrs eortlete@tosd iRmdBRE df ChelroiebiRodREBRARIMERystaANt rol | i ke

a t hernost at eI;F)’hugqﬂfsensors, ~chiller sensors, RF matching sys?em sensors,
.

endpoi nt sy3% gapdemindinat pbibe Gventionalhs prqsesseroddnemmEItingr pr obes,
and data an i gm er sensors
may be 15 s ns;ﬁ)lrz?h?ilgB e |%§g@%¥%ﬁgp%?%?ﬁ@g%¥§ﬁmﬁg C %@%S&Each of the
sensors 16 tosomimcethe tansors A6 tr the sespafithereiraguting systew 2helnphisesanaplehanber 18.
For exanpl € "}ﬁge s? ctrqonet er neasures the sgre ru vvithi.agt he process
chanber 18, % HFESCPIF ¢ 38 be gspecirgmeten aStond seng %éﬁ”?? ¢ 2PPERAS i ty within the
pr oces s (c hafgbidfor dhsort, AR 421 A5 Bhsor MR HhdyHe a;@mrzﬁ&ﬁ{oheome@%@s  thin the
__process chanber 18, and the thernonmeter 20 nmeasures the tenperature within

"Ythe processerwamer be Fhamongeierapkich gpuld plyebe vged taiprovide tereneratyrst em 900,
“which is sy e .f ' dn B ' nt invention.
FIG 2A Sh?ﬁéﬂ%&%{eg&@g{%ﬂﬁ%ﬁ Etél caf’ecpigtrg %%?&%’E{elp%g%pﬁﬁggiﬁﬁstem o
cour se, thesexorpendpoin yysteansensoys, Rde sensmnRpbyspial schoors® B @obgsng from an

R e

15  sensors as defined in the specification and claims. Each of the sensors 16 is able

to measure a parameter within the process chamber 18. For example, the
spectrometer measures the spectrum within the process chamber 18, the particle
monitor measures the particle density within the process chamber 18, the plasma
monitor measures the plasma within the process chamber 18, and the thermometer

20  measures the temperature within the process chamber.

FIGS. 2A and 2B illustrate a computer system 900, which is suitable for

) implementing embodiments of the present invention. FIG. 2A shows one possible
physical form of the computer system. Of course, the computer system may have
many physical forms ranging from an integrated circuit, a printed circuit board, an

25  embedded real-time control system, and a small handheld device up to a hlige super
computer. Computer system 900 includes a monitor 902, a display 904, a housing
906, a disk drive 908, a keyboard 910, and a mouse 912. Disk 914 is a computer-

readable medium used to transfer data to and from computer system 900.

FIG. 2B is an example of a block diagram for computer system 900. Attached
30  to system bus 920 are a wide variety of subsystems. Processor(s) 922 (also referred to
as ceniral processing uaits, or CPUs) are coupled to storage devices including memory

924. Memory 924 includes random access memory (RAM) and read-only memory
A



conmput er. Conputer system 900 includes a nonitor 902, a display 39g4§§3
housing 906, a disk drive 908, a keyboard 910, and a nouse 912. Di 9%@4
is a conputer- readable nediumused to transfer data to and from conputer
system 900. FIG 2B is an exanple of a block diagramfor conputer system
900. At tWOHW®@361B0 to system bus 920 are a wi de vari ety Pefi/asabesyss ens.
Processor(s) 922 (also referred to as central processing units, or CPUs)

o acce @&t & alknp i eam M et oner drfging egtpiiomoming,
01/ 75617 PCHidJR0HA10 %Y the PR R AW ik ﬁse\aﬁirﬂmdﬂsr%rﬂaﬂsrbr bhe 288 rnsuBQMn@% S to

transfer data and instructions uni- directionally to the CPU and RAM i s
used typi cad biyditectionabmetirer. Bethaf drede b’nﬁqfurmﬂwnsmraﬁm@dmannsmmblq onal

manner. Both of..these bl e type of
the conput eVPs & a%qn@"h%(f?%a@&%%fab‘%eacrﬁogﬁgh 9sf ?dﬁ%%lgs%u % is al so
coupl ed %i codpregﬁi_ﬂlmabﬁanytt@cmzaza pravidep bditichabdAglstbiage BiflacHpsdl St Or age
capacity may al so include any of the conputer-readabl e medi a descri bed

bel ow. Fi xe@axplEkinclydeanyf threcomputerrepdalle pedip dgyribebelem Hixeddiski he 1i ke
and is typ'%'dl%b?lﬁ@&@@gﬁéﬂro%?@@aﬁ@%%ﬁﬁd"ﬁ%&l@at {ghatiysk) that s

sl ower than pri st orage appreci at I"nf ormati on
retained wisdrage Iﬁ¢dﬂﬂﬂ (shick ks HRBd dmk)/thai in slappr thar pimery siBagea Jiewill txe

i ncorporated in, ashion as n_nmenory 924. Renovabl e
di sk 914 neyPIe 5%’%5@?33%?{%%% ¢ @%@%? 5Bt 2 % descri bed
bel ow. 1GPU @2, Bﬁn@rﬁ&a@@ﬂﬁtﬁﬂaﬁﬂa@léﬁﬁslmﬁxfeniofyﬂﬁﬁnﬂd?bﬁrﬁgﬂfl devi ces such as
di splay 904, keyboard 910, nouse 912 and speakers 930. eneral, an

Yinput/out pRempyable disk §14mpy take A foun of gy dhefiomppisy-seadabl ae:r@ Il's, mice,
keyboards, Juc#ophanss. touch- sensitive displays, transducer card readers,
magnetic or paper tape readers, tablets, styluses, voice or handwiting
recogni zers, bionetrics readers or ot her conmputers. CPU 922 optionally

may be coupl edCﬂ’bI%ﬁasaﬂwcmrpéaﬂéwamw%mp@&rmd%w@wasmrk usi ng
net wor k ' {%%gﬁ%a?é‘&o Wbl ﬁ;é%!ﬁd rom [éhﬁér&a mpkﬁ’odg?ut%gwﬁ?m enpl at ed

that the recéi've 1n ormaron nét wo
15 may be any of: video displays, track balls, mice, keyboards, microphones, touch-

sensitive displays, transducer card readers, magnetic or paper tape readers, tablets,
styluses, voice or handwriting recognizers, biometrics readers, or other computers.
CPU 922 optionally may be coupled to another computer or telecommunications
network using network interface 940. With such a network interface, it is
20  contemplated that the CPU might receive information from the network, or might
~ output information to the network in the course of performing the above-described
) method steps. Furthermore, method embodiments of the present invention may
execute solely upon CPU 922 or may execute over a network such as the Internet in

conjunction with a remote CPU that shares a portion of the processing.

25 In addition, embodiments of the present invention firther relate to
computer storage products with a computer-readable medium that have computer
code thereon for performing various computer-implemented 6perations. The
media and computer code may be those specially designed and constructed for the
purposes of the present invention, or they may be of the kind well known and

30  available to those having skill in the computer software arts. Examples of
computer-readable media include, but are not limited to: magnetic media such as

hard disks, floppy disks, and magnetic tape; optical media such as CD-ROMs and
-5



output information to the network in the course of performng the')‘ﬁ SEP 205
above-descri bed nethod steps. Furthernore, nethod enbodi nents of the
present invention nay execute solely upon CPU 922 or may execute over a
network such as the Internet in conjunction with a renote CPU that shares
a porti oWOdR/73e processing. 25 In addition, enbodi nentsTafSet/sz1pr esent

I nvention further relate to conputer storage products with a

conmput er-r I dium t hat have copputer _caode thereon for performng

vari ous coﬁ%@?‘gpﬁf %Yl%eﬁbrﬁ?%’c? 05?531»‘%‘9%@?“@%*10%64 ‘ilg%fnﬁf“@lﬁ’ﬁ%’ﬁ‘%r code may

be those spedtalitiay akepé@nBtoafichréPRStdrdGidstebi8 plo RPYeRss of the

pr esent inveqlion, or, they may be of the kind well known and 30 avail abl e
&

to those haRRlGRNrsPpeific miceredeiryite CxSIEe) pingraameablsiogxiariptses of

conputer-r ' @gﬂﬂﬂ . LI 1q9., nmagnetic nedia
such as hgﬁdgﬁz#lﬁg,@ﬂ#%gppy |s°§?%‘%‘gﬁ1§%§‘ﬁ‘%’f4pc@‘@{g§%;m‘gﬁ?ﬁ% di a such as
CD- ROVES anckhdebsuditainbdiinsd By RCdiplfe,14ud dsohialrivgy ke plidir CevéEotids €t

magnet o- opti cal . dia such as flaoptical disks; and hardware devices that
are speci a?rf"ﬁx‘?%ﬁa}%&ﬂrc@&p?%rW"é“g"ﬁﬂ’r@?ecut e program code, such as
application-specific integrated circuits (ASICs), progranmmable |ogic
~devices  (PLDSJa esrtipRéyaad 950\ dowinGe FIGERAMRUOR i@ (s Bt @bcsode i ncl ude
machi ne cod‘ﬁg such as produced by a conpiler, and files containing higher

| evel code™PHit compubng Restam &8 thap Rartb thsrompules ssistsoubisiR0 erfemer . 11 a

conmput er  Sypi FMeHbvdR IQQQMn%Mﬂﬂo%cct o #hebbr S TR 0BG L€ Process
modul e corputing system 20, then part of the conputer systembus 920 may
form Ifar tfomh parhef the netwokk 14 [nadditiom diayodesomndde tatpitgsigern@owor k

"Yinterface 10 f.or art af the network.14. In additjon, the process
" modul e co%%&eg%}{%efgetdé%o “ %%Sﬁﬁi?w th§ nSt["‘f?g?’ ¢ PiR§eS8y st ens
t hrough t heoduit avaipgatingbister 20n@tqs@eEiss. nodul e conputing system 20 acts as

aclient. FIG 3 is a comunications schematic of the system 10 shown in

FIG 1. In the ferred enbodi nent of t i nvention, the network 14 is a
*.TCP/IP net\/\oFB‘.E'% 13 8 copEuBeaias SC F@P SSpTm AY shayar iBkIG0l-has an |1 P

address  amsl thgipkdférpddeentbiodingert Bf ths BiVéRtiGHS theMBtviRk Y£1{s LFCh/AEntiBAl P net wor k.
In this exanpl e the address of the
15 The process module computing system 20 has an IP address and multiple ports to

)
@

serve as the server of the TCP/IP network. In this example the address of the
process module computing system 20 is 10.0.10.1, which has three ports,

* numbered 10001, 10002, and 10003. Each sensor 16 has an IP address and one
port to act as the client of the process module computing system 20. In this

20  example, the sensors 16 have an IP address and one port which indicate that they

are ports of the process module computing system 20. For this example, the first
sensor 24 has an IP address of 10.0.10.11 and a port number of lOOOI,-the second
sensor 26 has an IP address of 10.0.10.12 with a port number of 10002, and the
nth sensor 28 has an IP address of 10.0.10.13 with a port number of 10003.

25 FIG. 4 is a communication time sequence chart between the process
module 12 and a sensor, with time starting at the top of FIG. 4 and proceeding
downward. In this example, communications between the process module
computing system and the first sensor 24 will be described. In the preferred
embodiment of the invention there are only two types of messages (data packets)

30  that are sent between the process module compuiing system 20 and the first sensor
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process nodul e conmputing system 20 is 10.0.10.1, which has three &oﬁt sS,EP 20
nunbered 10001, 10002, and 10003. Each sensor 16 has an | P address and one
port to act as the client of the process nodul e conmputing system 20. In
this 20 exanple, the sensors 16 have an | P address and one port which

i ndi cat VORHTS6t’hey are ports of the process nodul e corpuitsogossyst em 20.
For this exanple, the first sensor 24 has an |IP address of 10.0.10.11 and
a port number of 10001, the second sensor 26 has an |IP address of

10. 0. 10. 12 A thedvp bmes A nbemnmapd 1merssees awh Adkaowledgenaent smessageshas an | P
addr ess of | %JIHT‘H 003 1S a

comruni cati%go%%dégﬁﬁ%%g%&gﬁgé%m efvﬁéﬁéﬁ%ﬁ’?procgﬁ OEE@EJS#%ISO%Z and a
sensor, with time starting at the top of FIG 4 and proceeding downward.
In this exanpl e Theproeassiredulanempubpgwysiont Heand tluclirstsenssat @ @re conput i ng

system and the.fi Sensor. 24 w bl esgli he In the preferred

enbodi nment S(E)afd%fl e‘{ ?e#v%ﬁlfaﬁ%eﬁ (éﬁ%s\r%gbglrl Qg%‘ﬂl ?g?av\lge ‘?fyt%%gmfi SSFF&E.OSEgLeges (data
packet s} 3QoinpafingiystefdNackel Weamertand the fisiastsol D4 tdt€aCOEME, iiNgaypy st em 20
and the first sensaqr .30 _SEP 2004 WD 01/ 75617 PCT/US01/ 08719 24. The two
types are TCHRASHAIhCHSE s grrcessiprduicqorpiiatRysisent0 or s sheeasor 24 command may
be a contr ¢l qaeaRad what E tnodfilk a5, : Ls- Feport. The
process m)géu?te coantSti ng tgilgl'?’g%] %n(()) glnd ﬁ%@f&?ﬁm?&s&fﬁ%ﬁxa&?{? started and
sel f initi alcomedtigrsmepitor4GR objedt 3004 ypavBeeahewn of FiChd. pf ihe pswessodul e 5
conputing system 20 acts as a.server and the first. sensor. 24 acts as a
client, it ecﬁwuﬁ%?@ﬁ%ﬂ\/@eﬁ ﬁﬁs}/&ﬁeed?&;&oé:g? Iﬁ%cg'tlﬁ WUUBWBEt i ng system 20
or theidir sfstGeDS it2th beicdnidcritvath the fist sendthen (§#6L408) 00assthEdRH| € conputing
system 20 is self-injtialized, A a conpection _nonitor task aobject 30 is
spawn, as STRSOE4 aRdiheprogess podyls gorgpumgskstergf aredohiptndiang selfst em 20 i s
first starigghibd hdfiRC&ASr TR AR 2 CCORIE B Prddd s%’l%hﬁi% ' to be
connect ed vvithzt he first sén_sor 22 (step 40%3).?‘Chce t ég?éﬁ?éseiﬁ sensor 24
and the pr teaseresrododude empuing systeny 28 esteapZi08)ambiichds mireguest by theditst sel f
initialized first or a_ " t Proge Chanber "
nmessage tosentgé]rreﬁﬁ?Sg%llsegars}o@%lﬁ%%g%%gu igﬂ(éi%u%ggﬁg%&€g?gﬁﬁ%%ﬂ%ﬁmi chis a
r equests bybisize Whersthe peas doddle compadipsgetemt20 rédetrepRCERANE®E| € conputi ng

system 20 gn a ¢li server,
y ocess %/Iod%?et”/mcssage from the first sensor 24, a first sensor messaging task

32 is spawn by the connection monitor task 30, as shown in FIG. 1. Similarly,
other sensor messaging tasks 34 are spawn when other sensors are connected to

the process module 12.

20 The first sensor 24 then sends a “Command to get Alarm Table” message
to the process module computing system 20 (step 410). After the process module
computing system 20 receives the “Command to get Alarm Table” message, the
computing system 20 responds with an “Acknowledgment” message (step 412).
The first sensor 24 receives the “Acknowledgment” message and waits for the

25  alarm table (step 414). The process module computing system 20 sends an
“Alarm Table” message to the first sensor 24 (step 416), which designates the
number of alarms that the process module will handle. The Alarm Table provides
alarm identification numbers and a description of each alarm. When the first
sensor 24 receives the “Alarm Table” message the first sensor 24 replies with an

30 “Acknowledgement” message (step 420).



15 basis. Wien the process nodul e conputing system 20 receives thg gcﬁﬁ%@@?"
to Process Mdule" nessage fromthe first sensor 24, a first sensor
nmessagi ng task 32 is spawn by the connection nonitor task 30, as shown in
FIG 1. Simlarly, other sensor nessaging tasks 34 are spawn when ot her
sensors woalgsmhected to the process nodule 12. 20 Thechiussiogensor 24
then sends a "Command to get Alarm Table" nessage to the process nodul e
conputing system 20 (step 410). After the process nmodul e conputing system
20 receives the Thedirtssnsor 84 ghen spadsarfCoaibland tnget Datpélimersad conputi ng system

20 responds, w t.h_.an ~ Acknow e nt' _nessage (st 412) . he first sensor
24 recei vesmtlvﬁlemt}gglg]a?M%ﬁﬁmﬁ&g%&%cgsasgeogndcoéﬂ%%ggF)gfgnf %%E-sﬁe@ alarmtable

(step 414).4heWhen tessoredibéaule osmpiiting gystens Le raceileshn dSommand & ar m Tabl e”
message to the first sensqr 24 (step 416), which designates the nunber of

al arms_t hat 2% Heteptigeaad InjielizatonPrie” mestagesTont e fuptiepsorabia8 provides alarm
dent 11 paté QoG o YloRaflGS Gl HhORPlen 80N @bimm) When the first
e "Alarm Tabl e |

sensor 24 recelves nessage t he st “sensor 24 replies
with an 30 “Dutd(Tiowl anddeibelitationPeki gesfage Bpet Z®)Mm the WdBSy/madBlsy

and i 1 QPRI 2 B Gl s 2 R oRue IR o BRbut i ng. syt em 20

(step 422)senddhedd biosyREN6EES Wiltilthe prazesRiidultGoomputifgsydnd BEEI ves the
"Command to_ get Date/Tine and Initialization Data" nessage fromthe first

sensor 24, Whemthe fgst senspiifyersives th ¢ apdduifielizagor Ratef mestaggensor 24

(step ). y i Jiink bakdn? @it 4g§7§1§ ggﬁ_h sent fromthe
procesgl%fro uﬁme?g&nc%éjst#lﬁ%ﬂg%ﬂem %Oﬁto ’ﬁeﬂ?ﬁﬁ%oqszen or %ngt ep 426),
~ )which all o ckimevlbdgestent”gnessage (2¢p 428).be synchroni zed with the process
" nodul e conputing system 20. Wen the first sensor 24 receives the

"Dat e/ Ti me and Ltlall ' a. a%g)eﬂ o nodul e
conmputing syst en&?lé%%%ﬁizn?idtﬁesg%})lan%%%p [ e';élrp%\n ???lg]an %E:(E%Sé edgenent "
nmessage ( stRepodddly Specification” message 1o the first sensor 24 (step 430). When the first

sensor 24 receives the “Command to Get Reportable Specification” message, the

15  first sensor 24 replies with an “Acknowledgement” message (step 432). The first
sensor 24 then sends a “Reportable Specification” message (step 434), which
informs the process module computing system 20 of the type of data that will be
provided by the first sensor 24, The process module computing system 20
complies with an “Acknowledgement” message (step 436). Different sensors may

20  generate different types of data. Some of these data types are Boolean, integer,

‘ enumerators and floating point. In addition to the type of data, the possible range
) of data is also important. In addition, the frequency of the data is important, i.¢.
how often the data is measured. Some sensors may automatically send data, while
other sensors may only send data when requested. The “Repbrtable Specification™
25  message may provide information regarding data type, range, frequency, and
distribution, allowing the process module computing system 20 to use the data
from the first sensor 24 without requiring additional programming of the process
module computing system 20. Since additional programming is not required, a
user interface to program the process module computing system 20 to each

30  different sensor data type may not be required.

The first sensor 24 then waits for a request for information (step 438). If

the process module computing system 20 needs additional information, a “Send
-8-



The process nodul e conputing system 20 then sends a "Command to %Eeq SEP 2004
Reportabl e Specification" nessage to the first sensor 24 (step 430). Wen
the first sensor 24 receives the "Command to Get Reportabl e Specification”
nmessage, the 15 first sensor 24 replies with an "Acknow edgenent” nessage
(step 43Wp.01Wk@7first sensor 24 then sends a "Report alicr3peosfs cation”
nmessage (step 434), which inforns the process nodul e conputing system 20

of the type dat L be Vi the firsf sensqr 24. The
process nodif e%‘beﬁ%ﬂﬁlit}aﬁn@ﬂ?gt BifyS2 %%P{ﬂetggwowsgw FPWiBg genent "
message (Stgped3Bo t ikt 24 &"tb'}ﬁﬂ@), RV hidh 1RSRS Rhbr ijér?fhgse%ﬂﬂtant ypes of
data. Sone of these data types aré& Bool ean, integer, nmerators and

f1 oati ng polisknowlgdgamsint’ essass (steied4d)pe of data, the possible range of
data is al so i mportant. In addition, the frequency of the data is

| mportant, i.e. r

mp Pro}eY ﬂf&&%@ﬁﬂ%&eg& aﬁ@aéyge%@ﬁoﬁ%? RS MY

automatlcally send data, wh sensors nay on Sen

request éd. cnim@uﬁwmmazﬂ te tigpiret sehwal4d (sieh 428), mewhizh ﬂld’mt phsxi2de
and djstribution,

f t t ; ,
oo ng. ¢ RV 31 8% agfucdeB et FtGRes LB H1ED s reses Rlsiedar o from t he
first sensebmifnid érbaqalmaﬁﬂafédnﬂﬁana.dgjvﬂlb%@hssﬁﬁ&ﬂﬂl@émlﬁangé ystd}e Process

nodul e co utln system 20. Since additional progranmng I's not required, a

user inter ﬂﬁmmﬁ@r@s@@égwpmmo@s&@tﬁmmwﬂ@m 20 to each
30 differe a t Th 1sf sensor 24 then
vval ts for g;orcgﬁlr}g%?b gtrg Fb%lor tlfjl{]]agl(eé‘?]ep i%gﬁpfm ??ﬁ?h ?ocess nodul e

mput g ﬁr@uhdéuedmtadﬂnetﬁmmaisonm mnﬂntglacraclpat tﬁeﬂfbt séhsgr 0 SEP 2004
)V\D 01/ 7561 PCT/ Ug(% %%14 ttﬁ ueg rff ormat jon" nessage i s sent from
t he proces 448 F0FE Bo Ry § qdgement; Wessegnath TPl (step 440),

to which toacémesaafaemqne;s@wss afamueim aRecond HRdeRR W18 @FRMHand TESSage (step
442) . Process rel ated command nessages are then sent fromthe process

modul e 5 WEHgbeiseR 12 thedushsensor & indisating that theswalor is Iythegresess444) | to whi ch
the first SeRIEl 124 WaRhRSmY deliod D sARKROYAGHBHERDLmerPPREAYE, &5 6P 446).

The process relate
15 reply. A thn'd process related command may be sent to the first sensor 24 to

indicate the start of the recipe process, to which an “Acknowledgement” message
is sent as a reply. When a first step in the recipe is begun, a fourth process related
command is sent to the first sensor 24, to which the first sensor 24 sends an
“Acknowledgement” message in reply. When a first step in the recipe is

20  terminated, a fifth process related command is sent to the first sensor 24, to which
the first sensor 24 sends an “Acknowledgement” reply. Process commands and
acknowledgements are made for the starting and stopping of each step in the
recipe. At the end of the recipe a “recipe end” process step is sent to the first
sensor 24 to which the first sensor 24 sends an acknowledgement. Finally when

25  the wafer is removed, a “wafer out” process command is sent to the first sensor 24
to which the first sensor 24 sends an acknowledgement. Therefore a process
related command relating to an action is sent from the process module computing
system 20 when the action is executed in the process chamber, where the action

may be starting or stopping a step in the process chamber.

30 During processing, the first sensor 24 may send a “Process Related Result”
message to the process module computing system 20 (step 448), to which the

process module computing system 20 would send an “Acknowledgement”
9.



commands are a plurality of commands by the process nodul e conputﬁh@ $E &lih
20 which relate to actions starting and stopping process steps occurring in
the process chanber 18. For exanple, in an etch chanber a first process
related 10 command woul d be sent to the first sensor 24, sending a recipe
to the fWP8V78Bnsor 24, to which the first sensor 24 Benusnias7ie

"Acknow edgenent" nessage as a reply. Once the wafer is in the process

hanber 18, d | at ed d ld b tq the first
Sensor 24 [REERAY G TEHACOR dht Ly (S0 Tothnabe s RelBfR kool 18, 1o whi ch
the first Sﬁéﬁ%@ﬁa&bﬁ%ﬁ@ﬁnﬁ%é&s‘é@&%ﬁﬁﬁﬂﬂﬁ%ﬁéﬂw SR%odult 15 reply. A third

process rel ated comuand may be sent to the first sensor 24 to indicate the
start of tHempaingwsismadds sbort e pivicess- dhe “ProrasoReleted Reswlt " messagsage i s sent

as a reply. : ' R recipe. .| a fourth process

rel at ed cénnéﬁﬁgwﬁesfeg&eb% kﬁ% Eﬁg&}’%{&g}asg‘gmrﬁ%arm%ﬂ%?%% Wsct%e PIPESFi r st sensor

24 send$ amddéizksaiputsigesent2) tradjasgls fetpeaitry/acchifiinlyg THerPtocsésep i n t he
ted, a fifth process related command is sent to the

recipe is 20 term na

first senséﬂlaﬁeﬁfﬁ]"’ls@tmﬁwﬁg@ PHPTPYIFE fate (5 apzlypsatics e Preasssisc know edgement ™
reply. Progessiefa MRRs faf B stoR K0S RN T b st 2¢.he starting and
st oppi ng of eggh step ir??t he0 reci p(IaJ. At the end g?ﬁ?ﬁye e%}{acq pe a "recipe
end" process step is sent to the first sensor 24 to which the first sensor

24 sends an ackfi®#reRIEcHEsRsor Gany grovide frabme Hata et isrtimessigrapasved, a " waf er
out” proceggy Emﬁlj%qﬁit%ﬁ%&r&c sstclﬂgm r ?g)ﬁlgﬁfg)ﬁizgéldatégﬂm the first

sensor 24 sends an ackno gement . ere process related comand
rel ati g t dersinawzadysisorf thespreeess fof troubl¢sheotnpoThmealntimkt i maypeihdedg system 20

when the agtion, |,S _executed in th ocgss chanber, re the action may
e starti nff WLEE RS h e abtrer Foenba s os sooeniprbAl OF 85 i | ng

processi NQfrofhil dfithesdensoRd Fbarke fid¥d BERE pRccsEhRAER ToRph@iegsBpsul t"
nmessage to_t he _process 'nodul e conputing s%qsftdem 20 (step 448), to which the

process nmodvdichHen Asiaserves for thgsensorso Wisiredbsygrainblespreiicationgenent” -9 3 0
SEP 2004 Vot dfleabliddntsUld 88, rl'agy be put in a usable form,

15 In the preferred embodiment of the invention, 2 Command message
comprises a lead message and a Command Data Packet. The lead message, which
in the preferred embodiment 1s two bytes long, contains the length of the
Command Data Packet. The Acknowledgement message comprises a lead
message and an Acknowledgement Data Packet. The lead message, which in the

20  preferred embodiment is two bytes long, contains the length of the
Acknowledgement Data Packet.

In the preferred embodiment, the first byte of the Command Daia Packet
holds a predefined level number. More preferably, all communications betWeen
the process module computing system 20 and a sensor has a level number of 3. In

25  this case, communications between the process module computing system 20 and
other computing systems where the other computing systems are not client sensors
of the process module computing system 20 would have a level number that would
not be equal to 3. By using level numbers between the process module computing
system 20 and other computing systems which are different than level numbers

30  between the process module computing system 20 and client sensor systems, the

sensors and process module computing system 20 may more easily determine

-10-



j al | communi_cati ons

nessage to the first sensor 24 as a reply (step 450). The "ProcedsURSERt 24
Result" nessage nmay be an al arm nessage, which nay cause the process

nodul e conputing system 20 to abort the process. The "Process Rel ated
Result™ message may provide feedback information, such as tenperature,

whi ch al Wows/7%ete process nodul e conputing system 20 t ecadjsvfss7ine
tenperature accordingly. The "Process Related Result" nessage may provide
data for analysis after the process is conpleted, which may be stored in
t he processWhisHgicesagesstior fig Psgestsapedile compuiing estemt 20 and seawigsras 16 may

provide real;t iR : i i ized with the
process chaéé}c?ﬁé{rj. g?@?ﬁ%ﬁé'oﬁ%z%%&?{ae al gcm%ﬁg%@%‘&§gg%t)th anal ysi s of

t he pr ocesscdngristsaftdanessddDi’ mdrich phevideaal vatue betvetah 8 torRyS, vhicksied t o adj ust
the process in the process chanber durin r.ocessi ng. | .of the data from
S 6f L he ek SieR AR RGNV bt 1 SO SRE S EBO AR ng ayst em
20, whi oh agtife &8p, BoSQlARdub &Y crfdd SorfibIO blar polsted lath anki@RAIt abl e
specification information of each sensor the data may be put in a usable

form 15 | rinforvaatiome fAethird dyierib 8wi GrammandfDath Backehsentiflesrs trans@dionand nmessage
conpri ses S d Pac ead, nmessage, which
i nrr}t)he pre?né%r'%ggfogrl%cﬁ" ﬁ]eaﬁ{i' P%h ﬂgﬁ%{% &s {)cgﬁlal?t’ @gn a%%‘;l% 04%1311 eéﬁsgt hgof t he

Command DatteiviRea bahd 1 ThThéelaivedye e tile Coestagdaoppkeigesvide | ead nmessage
and an Acknow edgenent Data Packet. The | ead nessage, which in the 20

preferred &RBEHE is two bytes long, contains the length of the
Acknow edgenent Data Packet. In the preferred enbodinent, the first byte of

t he Congand Datanﬁiagmanedmﬁibd&ineen%f&ﬂ@fnbmnIaﬁ\p@lmé\ma@@menmﬁﬁ preferably,
etween the process mpdul e conputi n%ésystem 20 and a

sensor has Pé"lfeéiﬁélm%%%?lo’éﬁ- Hre puppopesof the édgé’é’@?dg@@ﬁﬁ% Bagkshis bet ween t he
process mMogyiepieQBRIE kAR BASHEM aﬁ&‘ﬁaﬁ%@lﬁe&h&%&?ﬁ'ﬂc‘%&sﬁﬂl tems where the

ot her conputing systens are not client sensors e process nodul e
conput i ng sscsivedrby thewengiver. Nanke prefemedémbadient of tetinwentibel thetst be equal to

3. By usin evel nbe bet ween .t he, praoce dul.e ¢ ut i system 20
and ot hor " S8R B Ep Sl DaR rholee BotreR Bt Brt o sP b hoer <. 30
bet weenst hequl acts predefilicd deveDipnbiet 6Dhe Coindiind DatiRhckdt] dRE s&@OASOr Systens,
th
© byte of the Acknowledgement Data Packet is a number set to indicate that the data
packet is an Acknowledgement Data Packet. The third byte of the

Acknowledgement Data Packet is the command ID of the received command.

20 In other embodiments, instead of using TCP/IP as the protocol, other possible
protocols are LONWORKS (Local Operation Networks), Devicenet, and RS485/422
with a specific customized protocol. All of these protocols are multidrop. It is
preferable not to use the UDP protocol, since UDP protocols tend not to use an
acknowledgement, whereas an acknowledgement is used in the preferred embodiment

25  of the invention.

If a message is not received from a sensor for a designated timeout period, a
heartbeat message is sent by the process module to the sensor. If no
acknowledgement is received, the sensor messaging task is deleted as part of the

30  process of disconnecting the sensor. If a new sensor is added or a sensor with a
deleted sensor messaging task sends a connection message, a new sensor messaging

task is spawn. Therefore, the sensors 16 may be added to and removed from the
-11-



sensors and process nodul e conputing system 20 nmay nore easily ddtlr SER 004
-10 WD 01/ 75617 PCT/ US01/ 08719 which nessages are for the process nodul e
conputing system 20 and sensors in a client/server relationship. The
second byte of the Command Data Packet conprises a "Command | D" which
provi desvaovebire between 0 to 255, which is used to desi/gsai®ye® comrand
type, such as start recipe, start step, end recipe, abort recipe step,
post alarmdue to error condition, clear posted alarm and status

i nf or mat i ortetyork At el fhedpreess meduly earapidinpaysienpal setnpag e dhen t r ansact i on
nunber for ) odi nent, the transaction nunber
i's betmeeﬁégﬁgﬁ§ﬂ¥§HQ¥W%ﬁﬁ%Eﬁﬁﬁ%%gﬁgéﬁ%g§%¥ t he Command Dat a packet

provide command data. 10 In the preferred enbodi nent of the invention an
Acknowl edgenent WhilesthisPanskien hias besrl des@itipdtieterhoofipeveFhprgfomrabse of t he

Acknow edgenent,. Dat a,Packet.. is. to |l et the sender .know.th t he. Command
Dt . Pack o AU At et e AeTigns, PerBati PR A g Falc Po Sy el iR o
preferrgd gRREpOEIthisvehtid. i3RI 20, beldoedfthdt Here &Y hRnPhltdAive

Acknow edgenent Data Packet is a predefined | evel nunber, which is 15
equal to teypprligmpmraiing hearethadsprd anprratiies ddhemmernbaventioaclés. The second

byte of th f@%g wm t..toladl gat e t hat
the data gﬁé etqﬁgﬁgﬂﬁﬁﬁEﬁg§?%§8gﬁgﬁﬁa%%?%ﬁﬁggE@%ﬁm é“%ﬁ??@ﬁﬁéﬁe of the
Acknow edgemérdteizéivas, Pacikuittions andeguiaheming fhlDwohintthwetruespaitvead scopemand. 20

I n ot her enPﬁginents iEstead of using TCP/IP as the protocol, other
possi bl e  BF BF BESFY MYBUWORKS (Local Operation Networks), Devicenet, and
RS485/ 422 wth a specific custom zed protocol. Al of these protocols are
multidrop. It is preferable not to use the UDP protocol, since UDP
protocols tend not to use an acknow edgenent, whereas an acknow edgenent
is used in the preferred enbodinent 25 of the invention. If a nessage is
not received froma sensor for a designated tineout period, a heartbeat
nessage is sent by the process nodule to the sensor. If no

-12-



acknow edgement is received, the sensor messaging task is deleted @s(?g@rg[][]q
of the 30 process of disconnecting the sensor. If a new sensor IS added

a sensor with a deleted sensor nessagi ng task sends a connecti on nmessage,
a new sensor nessaging task is spawn. Therefore, the sensors 16 may be
added to and removed fromthe -11 SEP 2004 WO 01/ 75617 PCT/ US01/ 08719
ncework 14 while the process nodul e conputing system 20 i s runni ng. Thus

t he hot swappabl e plug and play sensors. Wiile this
i nventi ga?ﬁig&ﬁggﬁ?%escrl bed in terms of several preferred enbodinents,

there are alterations, pernutations, and equival ents, which faII W t hin

the scope of cdmputer lrﬁbVe@ﬁEnte@'FnetHoH f&QQthnJ@Atl Qﬁe gitgoqn g{@tsygt are nmany

ti enmentin S an ses o? t he
S'r teié?@"’%%’@ﬁ‘ﬁ@ H’“EfF‘P ”ie&mﬁeﬁse’f‘%#“ger*@%%ﬂ@ﬁﬁﬁewafﬂhﬁt aftdrﬁbfrr$tépmsew ng appended
cl ai noteridimttee gepstadd as i ncluding all such alterati onfs Eer mut at i ?ns and
t nd scope of the presen
?ﬂ\ljlex?: gﬂ snlﬁaﬁz'ﬁ@hb C%LE)J%M%] %q%ﬁpﬁ%h{’@ 1. A conputer inplenented
met hod for “Etéﬂ’fﬁ%ﬁ & Hist SRgs B evRiRteh alle togngasere Bdirst paramatenih the prgnestess nodul e,
wher eicharttiee; process nodul e has a process chanber, and a first sensor,

t|n system of the process
modul e 1 pirgapmeSoriiet i Ral el sifof § e ompir o hRatlr e o Fi r o
par amPfasessi Pduple process chanber; transmitting a connect msssage fromthe

first senswanmlﬁdwc@mtwm AR %c&gﬁodﬁég&ﬁﬁﬁ flef ansmitting a

conma SS N sy st em o¥ the type of
data that Y‘%t?cﬁ tlb“r'?i Qerporel‘f'%ereagmﬁtﬁﬁe?tﬁgn?qr t%QEté%Fﬁ 6‘?'9 Sﬁeﬁ'f'if’é'f’” epiiet abl e

speci PP@%'P@)W%&‘WH&%%OCBW& tndhediypst semmoohnd he process nodule to the first
sSensor; anﬂansm:ttlng a reportable specification message from the first sensor to the computing

system of the process module.

2. The computer implemented method, as recited in claim 1, further comprising the steps of:

spawning within the computing system of the process module a connection monitor
tasks;

spawning from the connection monitor task within the computing system of the process
module a first sensor messaging task;

transmitting an acknowledgement of the command to get reportable specification from
the first sensor to the computing system of the process module: and

transmitting an acknowledgement of the reportable specification message from the
computing system of the process module to the first sensor.

3. The computer implemented method, as recited in any of claims 1-2, further comprising
the steps of:

transmitting a command to get an alarm table command from the first sensor to the
computing system of the process module;

transmitting an acknowledgement of the command to get the alarm table from the
computing system of the process module to the first sensor:

transmitting an alarm table from the computing system of the process module to the first
sensor; and

transmitting an acknowledgement of the alarm table from the first sensor to the
computing system of the process module. '

13



transmtting a reportable specification nmessage fromthe first SEB”E°§E@°2[][]’§
the conputing systemof the process nmpdule. The conputer inplemented™
nmethod, as recited in claim1, further conprising the steps of: spawning
within the conputing systemof the process nodule a connection nonitor
tasks; spawning fromthe connection nonitor task within the conputing
system of the process nodule a first sensor nessaging task; transmtting

an acknow t he. co d to get reportable specification from the
1ot " ens O Either ot neF PR o e vt BEf0e¢. RBtRicemmisng
t r ansfietaPagtan acknow edgenment of the reportabl e specification message

fromthe eapilingWosttdam @ b 8ndhBSRSHrIRAUS hOnkNRnld She SENSOr . 3.
TLg ngm[yutﬁgé?y%%é'lg?cQp}r%?a_ssn%?c!;gd’ gs relc?ten lgn oanty 1Z')rfL' SRS 9-2, further

conpri'si'ng f'?érrittingacommndto get an alarmtable
command f r Banstrittng drvasknoswatigemertt of thdyemreanaRaI§dt figie SHE inBalzafionl Jag fRIPCESS

nodul gy Lfckd .he command to get the alarm
t abl emfrcgﬁﬂ?ﬁg}giéﬁgdﬁg&g@%ﬁ#% t éetsgrﬁsglc;iess nodul e to the first sensor;
S e A 2

transmtti fge Aippiiata fem BeeppiteIpysig oEe pfocedsenquniecess nodul e
t o t htethe firsitsensoeraedr ; and transm tting an acknow edgenent of the alarm

table fro o T he ..conputing system of the process nodul e.
13 ~SEP z?6%*@Wﬁ@%@”ﬁ%ﬁeﬁéﬁfﬁeﬁh%f|”‘e%%%13"w@'%%'a'?{dﬁafr?rw%ﬂsserﬁoany of

cl ai n® "eoMppfosHEpm b PiosFsgodilie steps of : transnitting a command to get
time and initialization data fromthe first sensor to the conputing system

' Lt dgenent of the command to
o 2 B RSSO BT PR ok St o e ormand to
nmodul B 18Pt He first sensor; transnmitting time and initialization data from
t he conputteihsmhistiy aErdbss Bl cORRER! raREEH S the execution of an action in the
process chamber from the computing system of the process module to the first sensor;
executing the action in the process chamber, wherein said action relates to the

processing of semiconductor related devices: and

transmitting an acknowledgement of the process related command from the first sensor
to the computing system of the process module.

6. The computer implemented method, as recited in any of claims 1-5, further comprising
the steps of:

initializing a second senor, which is able to measure a second parameter in the process
chamber;

transmitting a connect message from the second senor to the computing system of the
process module;

transmitting a command to get reportable specification from the computing system of the
process module to the second sensor;

transmitting a reportable specification message from the second sensor to the computing
system of the process module;

initializing a third sensor, which is able to measure a third parameter in the process
chamber;

transmitting a connect message from the third sensor to the computing system of the
process module;

transmitting a command to get reportable specification from the computing system of the
process module to the third sensor; and

14



to the first sensor; and transmtting an acknow edgenent of the ? Sﬁi’d%{]ﬁ%
initialization data fromthe first sensor to the conputing system-of
process nodule. 5. The conputer inplenmented nethod, as recited in any of
claims 1-4, further conprising the steps of: transmitting a process
related command related to the execution of an action in the process
chanber fromthe conputing system of the process nodul e to the first

sensor; t iLn the r, wherein said action
rel ates to gﬁ tj[|c')r oceE@]taﬁFé E‘?C 'Cat'onc"i')eﬁa%ceq 5@5‘?&%‘%&%“8&@%%8
transﬁ’-fsﬁet"i?f eacﬁo%éff(ﬁ@%'%dgerrent of the process related conmand fromthe
first sensor to the conputing system of the pro](c:esls m)dulle5 6f T[]ﬁ

er inplenente ecited in _any of clains urt her
conr 751 ng T U RE feleBiened meltoy S 5o1G0 i B Bl SB RRA e RS Shbl o t o
measure a %F@womfrprarﬂwrmtlmctlcmm@dﬁertpsmmmhe acingpuivey systemant@iptdcbdtd a connect

messaggddid #RchbheschSs SyHYQUskE0 the conputing systemof the process
nmodul g] traﬁ%m tStl n Qrg'q?:o Sdrsto get reportable specification fromthe

conput i ng WEPEHR9SH W@W'eﬂﬁ’mégﬂﬂﬁ)‘a’mn@”ﬁ@ geheereiabisipregisatian fom r ansni t ti ng
a repbe sedohesapedo fecanpuing spssagend srocess hedwgcond sensor to the conputing
syst em of ﬁéf‘)gmﬂrnﬂ%ﬁ%t?kngwgb‘ée%enh&ltﬁe' rgpl.adrél)lggg%lfl n%iolﬁ%etss?eagﬁgr which is able to

measure a_ third paranet g ng a connect
nessa‘ij’@"pf’?’@rﬁy?tﬂ@"fﬂ?P'E?C%Séﬁ?dld'et‘%fh?ﬁ@oﬁ'@)ﬁ%@@fi ng systemof the process
nodul e; t rspasning fron the @ormREFGAMNbIEr 1gRIwithR R dopRlithgSpPasH Bhﬁé‘bu‘o@@ss‘;r ‘i’zn the
Com%bﬁ%ﬁﬁﬁéﬁ%& etsggfng%s%ess nodul e to the third sensor; an

ransmtting a rep Speci fication nessage fromthe third sensor to
t he corrputtfaﬁﬁf"'ﬂ'§9 ap @W@ﬂletﬂgqa@eptrqimygmmdmio@et reportable specification from

the third sensor to the computing system of the process module: and

transmitting an acknowledgement of the reportable specification message from the
computing system of the process module to the third sensor.

8. The computer implemented method, as recited in any of claims 6-7, further comprising
the steps of:

transmitting a command to get an alarm table command from the second sensor to the
computing system of the process module;

transmitting an acknowledgement of the command to get the alarm table from the
computing system of the process module to the second sensor;

transmitting an atarm table from the computing system of the process module to the
second sensor;

transmitting an acknowledgement of the alarm table from the second sensor to the
computing system of the process module;

transmitting @ command to get an alarm table command from the third sensor to the
computing system of the process module;

transmitting an acknowledgement of the command to get the alarm table from the
computing system of the process module to the third sensor;

transmitting an alarm table from the computing system of the process module to the third
sensor; and

transmitting an acknowledgement of the alarm table from the third sensor to the
computing system of the process module.
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7. The conputer inplenented method, as recited in claim6, furthgr) SEP 2004
conprising the steps of: spawning fromthe connection nmonitor task within
the conputing system of the process nodule a second sensor nessagi ng
tasks; transmtting an acknow edgenent of the conmand to get reportable
specification from the second sensor to the conputing system of the
process nodule: transmtting an acknow edgerrent of the reportable

f f dule t
the. schond ‘SBARTN SRR g BB R abi AT hor BPRBR AR i m he

corrputtherﬂe@%tem of the process nodule a th| rd sensor nessagi ng tasks;

transm tti Rgngi gmﬁm@ga ifne @hd tnhasnzfa@ammrmhgeécoh@%&ﬂ%%
speci ficatijon Eﬁf&ﬁﬂﬂthe %&sensor to the conputing systemof the process

modul EXMBHRI FYS et‘?r?@s%l'ﬁo %now edgenent of the reportabl e specification
nessage fr oamsniiting aroavpodwietigesyrs bethe cémrhdrel ip pettiesanddializtidroddtaeont hi rd

Sens Okho HRBuHIR b hTBLERE Roffl RO londisnt el Led 11 any of claims 6.7,

further conprising t transmtting a conmand to get an alarm
tabl e comﬁﬁ'&?”ﬁ'@ﬂ“ﬁ%@"%'@%?ﬂi‘% 878 f5pm the qemeUting SRt PHEe Bpeese Mogdlet he
pr oc essthasebahd®sentdransm tt i ng an acknow edgenent of the command to get the

al arm t abl ﬁ'al’tS qtg}'leﬂCkf?O ﬁﬁéﬁﬁ%@ﬂfl{lhn&at%r Ce rom %l%'le{cgr?# o the second
a

sensor; transm romthe conpu ing 's of the
pr oce§%”SPr'thIEl'leéot"B”tt”EéYSt%efdPﬁjPr@%Q%mﬂ’du'@ransm tting an acknow edgenent of

the alarm tr&ﬁhﬁhﬁd@éﬂnﬁﬁlﬁdWﬂﬁe SR TRiIB4lizENdNdBR rof APl BshesMS tRM Of t he
procesgs ﬁjégfem sngc'gagsl n %con’mand to get an alarmtable command from
t he tg @Hé Sor pﬁ CIB%%I ting system of the process nodul e;

transmitti H@Smﬂlmmwoydﬁgm ofgifie ¢amenand hngat ime endyieitialtzhionalatrfront abl e from

t he m@wuﬁunﬂgsy%yem &ﬁﬁé}fro&e@@m@&tﬁ@lt@%tﬁmfort ot het t hi rg tSﬁnsor il
transmtti an.alarmta rom utin stemo e process nodul e
to the thi E%' E@%W a"ﬁﬁr@ afzraa?fb‘?ﬁt? {’]‘?f?lﬁ'eé mgdip 8¥/a¥ FHRPRERTPCES? MPdHe al ar m
t abl etofthepthird $reserhdndd sensor to the
transmitting an acknowledgement of the time and initialization data from the third sensor
to the computing system of the process module.

10. An apparatus for processing semiconductor related devices, comprising:

a process chamber for processing semiconductor related devices;

& computing system for controliing the process chamber, electrically connected to the
process chamber;

a network electrically connected to the computing system;

a first sensor electricaily connected to the network;

a connection monitor task, which is spawn in the computing system after the computing
system is initialized; and

a first sensor messaging task, which is spawn from the connection monitor task within the
computing system of the process module after the first sensor initiates a connection with the
computing system.

1. The apparatus, as recited in claim 10, further comprising:

a second sensor electrically connected to the network; and

a second sensor messaging task, which is spawn from the connection monitor task within
the computing system of the process module after the second sensor initiates a connection within
the computing system.
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conputing systemof the process nodule. 15 SEP 2004 9. The conpugefi SEP 2004
i npl emented nethod, as recited in any of clains 7-8, further conprising
the steps of: transmitting a command to get tinme and initialization data
fromthe second sensor to the conputing system of the process nodul e;
transmtting an acknow edgenent of the conmand to get tinme and
initialization data from the conputing system of the process nodule to the
second _sensor; transmtti nq time apnd initialization data fromthe conputing
syst enPof N8 2PRAGTLS &S IR5IRT|Rclaipy! Ty HENE SeBRIYensor; transmitting an

acknow edgerteint seofor elaetri¢adlipreoranced toithd mtwarlatahon data from t he second sensor
to the co ! e, omrand to
get 1 me. and e TioE Ry ekl ils SRS RO dibonhicRRbAbL B i RO g
syst efReACMPHIISYIeB SEtherBraease modylg asrithe thirtpenser initiatrs\al cotrpstiemivithghe t he
comrardmpaingeystdm.me and initialization data from the conputing system of
the process nodule to the third sensor; transmtting tinme and
initialization data fromthe conputing system of the process nodule to the
t hi r d 18ensdhe appschtus; agvepied il ehymaR. wrskaio tie ftysameort the Bedohe serisprearmhd

i ni ti gl iRt deRsor dtcdnddcREEE BiRnishb tHd cORRRIAY systdh &% HORYbAge. SYSst em of the
process nodule. 10. An apparatus for processing sem conductor rel ated

devi ces, conprising: a process chanber for processing sem conductor

rel at é#f deVhearperatuscasrptited ingpng phelaims fl &1 3, odweteirathé fimagsehde, the swess chanber

el ect bifa), hi ROMRE SLREr 4rOndthaGapRbRGRFSG payber; a network electrically
connected to the conputing system a tirst sensor electrically connected
to the network; a connection nonitor task, which is spawn in the conputing
syst ems.af t Ene afiperategsurtditad in 2y st aaime $0-it Mivtheatn saecbompothgaydtém Strteensor

eSS agdrhiGis AP Koarthbl: fidsdade ROANRCH JABR 4 REAEORRRELLOR JRMELYind @Sk Wi thin the

computing system does not receive a message from the sensor within a period of time.
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conputing system of the process nodule after the first sensor ini@i%tggjgmm
connection with the conputing system 11. The apparatus, as recited in
claim 10, further conprising: a second sensor electrically connected to
the network; and a second sensor nessagi ng task, which is spawn fromthe
connection nmonitor task wthin the conputing systen1of t he process nodul e
after the second sensor initiates a connection within the conputing
system 16 12. The apparatus, as recited in claim11l, further conpri sing:

a th|f@9§€hsor electrically connected to the network; and a third sensor
nmessagi ng task, which is spawn fromthe connection nonitor task within the
conputg n&m&gv]géwééwwm%wgﬁwﬁé BBut#i rd sensor initiates a
connectiron wth the conputling sys e apparatus, as recited in
claim 12, wherein the first sensor, the second sensor, and the third
SensoiaA @ésEamBetvan aas%rrfphtbﬁm@mttﬁat bdﬁ?ﬁro@@?ﬁmﬂbdeﬁgcr&mbﬁﬁb@fne&tb@topr ocess

I'TDdU| %ne %IAmOT-erQ%elﬁg‘S \%t&tare USG%%O r'ﬁ(oar(i:lfor 'l%g p:[.OEESanXthgf ro%tless cﬁsmber :ll'f136 wherein the
first "'séenso SEens Sensor are hot swappabl e

pl ug aensos| aae/conm@:tedﬁh @ea;pmamtartaystemasa ¢lieoyaendr felgtienshipon a@vay thet 10- 14,
wher eigfowiahdlschedrdibd e swapphRBDiud uﬁd ﬁ]@fsen&ﬁmﬂe&ﬁﬁlp@eﬁ'@ﬁéh@ﬁ%nﬁ@s sage t ool

whi ch sends a hearth at ness ag% %hﬁ mg 4qﬁ?systen1does
not ra@&ueg’easaﬁ%ss\g' © 1980 e é"@ﬁ&?ﬁ’ ?ﬁ?’}?‘”é H”“&‘HatB ah ®17 Abstract
PLUG AN@sﬂnAwmﬁm$ﬁMEbmIVTEGRATION FOR A PROCESS MODULE A process chanber
with a conputer systemthat controls the process chanber is connected to
one or nore sensors, which are used to nonitor the process in the process
chanber. The sensors are connected to the conputer systemin a
client/server relationship, in a away that allows the sensor to be hot
swappabl e plug and play sensors. The conputer system exchanges various
nmessages wth the sensors, synchronizes with the sensors, and integrates
and utilizes data sent fromthe sensors.
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